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UROH DV D ILEHU UHLQIRUFHPHQW PDWHULDO 7KHUPDO DQDO\VLV KDV D FUXFLDO UROH DQG SOD\V D VLJQLILFDQW IDFWRU LQ GHWHUPLQLQJ WKH
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'HJUDGDWLRQFDQEHRIGLIIHUHQWW\SHVDQGDPRQJWKHPWKHUPDOGHJUDGDWLRQKDVDYLWDOUROH7KHUPDOGHJUDGDWLRQ
DQDO\VLVZDVGHWHUPLQHGZLWK WKHKHOSRI7KHUPDO*UDYLPHWULF$QDO\]HU 7*$DQG WKHGHJUDGDWLRQVWXGLHVZHUH
IRXQGRXW7KH DQDO\VLVVWXGLHVVKRZWKDWWKHQDWXUDOILEHUFDQZLWKVWDQGKLJKWHPSHUDWXUHZKHQWKH\DUHWUHDWHGZLWK









EDVW VWUDZ VHHG OHDI DQG JUDVV ILEHUV DV VKRZQ LQ WDEOH ,Q 3ODQW ILEHU FRPSRVLWHV WKH SODQW ILEHU DFWV DV
UHLQIRUFHPHQWPDWHULDOZKHUH DV WKH V\QWKHWLF SRO\PHU RU D ELREDVHG SRO\PHUV DFW DVPDWUL[ :DOOHQEHUJHU DQG
:HVWRQ 7KHLPSRUWDQWUROHRIWKHUHLQIRUFHPHQWLQDFRPSRVLWHPDWHULDOLVWRSURYLGHVWUHQJWKULJLGLW\DQG
DOVR LQ VXSSRUWLQJ WKH VWUXFWXUDO ORDG RI WKH PDWHULDO 7KH PDWUL[ LV UHVSRQVLEOH WR PDLQWDLQ WKH RULHQWDWLRQ DQG
SRVLWLRQ RI WKH UHLQIRUFHPHQW LQ WKHPDWHULDO (VSHFLDOO\ QDWXUDO ILEHUV VXFK DV SODQW ILEHU SRVVHVV D KLJK WHQVLOH


















7KH VWUXFWXUHV RI WKH ILEHUV DUH FRQVLVWHG RIPDFUR DQGPLFUR ILEULOV RI FHOOXORVH ZLWK OLJQLQ DQG KHPLFHOOXORVHV
%OHG]NLDQG*DVVDQ&HOOXORVHLV WKHPDMRUSRO\PHUFRPSRQHQWFRQWDLQLQJJOXFRVHXQLWV DQGWDNHVFDUHRI
VWUHQJWK VWDELOLW\ RI WKH SODQW FHOO ILEHUZDOOV DQG DOVR SURYLGHV WKH VWUXFWXUDO FRPSRQHQW+HPL FHOOXORVH LV WKH
VHFRQG PDMRU SRO\PHU FRPSRQHQW PDGH RI YDULRXV SRO\VDFFKDULGHV DQG WKH PROHFXOHV DUH K\GURJHQ ERQGHG WR
FHOOXORVH7KH\DFWDVFHPHQWLQJDJHQWPDWUL[EHWZHHQWKHFHOOXORVHDQGKHPLFHOOXORVHVPLFURILEULOVIRUPLQJDJRRG
QHWZRUNVWUXFWXUH+HPLFHOOXORVHVDFWDVILOOHUEHWZHHQFHOOXORVHDQGOLJQLQDQGWKH\DUHRQHRIWKHPDMRUFKHPLFDO
FRPSRQHQWV UHVSRQVLEOH IRU ELRGHJUDGDWLRQ 6UHHNDOD  /LJQLQV DUH WKH WKLUG PDMRU SRO\PHU FRPSRQHQW
FRQWDLQLQJ KHWHURJHQHRXV PL[WXUH RI DURPDWLF SRO\PHUV DQG SKHQ\O SURSDQH PRQRPHUV 7KH OLJQLQ QHWZRUN
VWUXFWXUH LQFUHDVHV WKH VWLIIQHVV RI WKH FHOOXORVHKHPL FHOOXORVH FRPSRVLWH ,W DOVR SURYLGHV WKH ILEHUV ZLWK
FRPSUHVVLYH VWUHQJWK DQG PDNHV LW WR VWLIIHQ WKH FHOO ZDOO DQG WKHUHE\ SURWHFWLQJ WKH ILEHUV IURP FKHPLFDO DQG
SK\VLFDOGDPDJH -RKQDQG7KRPDV
 7KHUPDO$QDO\VLVRI1DWXUDO)LEHU&RPSRVLWHV
6RPEDWVRPSRS DQG &KDRFKDQFKDLNXO  VWXGLHG WKH VWUXFWXUDO DQG WKHUPDOSURSHUWLHV RIZRRGFRPSRVLWHV
DQG WKHLU PRLVWXUH HIIHFW FKDQJH ZDV VWXGLHG (IIHFW RI WKLV PRLVWXUH FRQWHQW ZLWK YDU\LQJ ZHLJKW UDWLR RI WKH
FRPSRVLWHV ZDV DOVR HYDOXDWHG0RQWHLUR HW DO  JDWKHUHG LQIRUPDWLRQ DQG ZRUNHG RQ WKHUPR JUDYLPHWULF
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VWDELOLW\RQOLJQRFHOOXORVLFILEHUVDQGPRUHFHOOXORVLFILEHUVZDVLQYHVWLJDWHGDQGWKHWKHUPDOVWDELOLW\RIWKHILEHUV
ZDVUHYLHZHG /RSH]HWDOGLVFXVVHGWKHHIIHFWRIPRLVWXUHWHPSHUDWXUHDQGXOWUDYLROHWH[SRVXUHRQQDWXUDO
ILEHU SODVWLF FRPSRVLWHV &RPSRVLWH SHUIRUPDQFH IRU VKRUW DQG ORQJ WHUP WHVW ZDV DOVR FRQGXFWHG DW QDWXUDO
FRQGLWLRQV $]ZDHWDOUHYLHZHGWKHGHJUDGDELOLW\RIQDWXUDOILEHUVSRO\PHUFRPSRVLWHVDQGFRQFOXGHGWKDW
FKHPLFDODGGLWLYHVFRXOGKDYHHPSOR\HGWRDWWDLQVWUHQJWKDQGGXUDELOLW\RIFRPSRVLWHPDWHULDO *XSWDHWDO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7KH SUHVHQWZRUNZDV FDUULHG RXW WRPDNH D FRPSRVLWHPDWHULDO IURPSODQW ILEHU DQG WR VWXG\ WKH WHQVLOH DQG
WKHUPDOGHJUDGDWLRQDQDO\VLVDVVKRZQLQ)LJXUH7KHSODQW ILEHU LVDYHWLYHU ILEHUREWDLQHGIURPORFDOVRXUFHV LQ
0DQJDORUH,QGLDDVVKRZQLQ)LJXUH7KHUPRVHWSRO\PHUVZHUHSXUFKDVHGIURP$WXO3RO\PHUV3YW/WG*XMDUDW
,QGLD DQG WKH SURSHUWLHV RI WKH HSR[\ SRO\PHU LV VKRZQ LQ WDEOH7KHVH YHWLYHU ILEHUVZHUH FOHDQHG LQ UXQQLQJ
ZDWHU DQG VXQGULHG WR UHPRYH WKHPRLVWXUH/DWHU WKH ILEHUVZHUH WUHDWHGZLWK FKHPLFDO WUHDWPHQW DONDOLPHWKRG
ZLWK  DQG WKH ILEHUV ZHUH IXUWKHU NHSW LQ RYHQ WR UHPRYH IXUWKHUPRLVWXUH FRQWHQW 7KH FKRSSHG ILEHUVZHUH
DOORZHGWRPL[ZLWKWKHUPRVHWSRO\PHURIHSR[\UHVLQ'LJO\FLG\O(WKHURI%LVSKHQRO$PL[HGZLWKKDUGHQHU7UL
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LQFKHPLFDOO\ WUHDWHG ILEHU WKHZHLJKW ORVVZDV LQ WKHSULPDU\ VWDJHDQG LQ WKH VHFRQGDU\ VWDJH7KH
PD[LPXPWHPSHUDWXUHUHFRUGHGZDV& UDZILEHU DQG& FKHPLFDOO\WUHDWHGILEHUIRUYHWLYHUILEHUV$VWKH
SODQWILEHUVFDQHDVLO\DEVRUEPRLVWXUHDQGUHPRYDORIWKLVPRLVWXUHIURPWKHILEHUVFDQVROYHWKHDERYHGHJUDGDWLRQ










XQGHUJR DFHW\ODWLRQ DQG  VLODQH FKHPLFDO WUHDWPHQWV DQG FRXOG KDYH VWLOO PRGLI\ WKH VXUIDFH RI WKH ILEHUV0RUH
PRGLILFDWLRQRIWKHILEHUVFRXOGKDYHDQDGGHGDGYDQWDJHLQWKHPHFKDQLFDODQGWKHUPDODQDO\VLV
$FNQRZOHGJHPHQWV
7KH DXWKRUV WKDQN 0U 9LVKZDQDWK 'HSDUWPHQW RI &KHPLFDO (QJLQHHULQJ 1DWLRQDO ,QVWLWXWH RI 7HFKQRORJ\
.DUQDWDND1,7.6XUDWKNDOIRUKHOSLQJRXWDQGSURYLGLQJVRPHVXJJHVWLRQVIRUWKHFRQFHUQHG:RUN






















FRPPRQOLJQRFHOOXORVLFILEHUV ± DQ2YHUYLHZ -RXUQDORI0DWHULDOV5HVHDUFKDQG7HFKQRORJ\
0ZDLNDPER/<$QVHOO03&KHPLFDOPRGLILFDWLRQRIKHPSVLVDOMXWHDQGNDSRNILEHUVE\DONDOL]DWLRQ-RXUQDORI$SSOLHG3RO\PHU
6FLHQFH







6RPEDWVRPSRS 1 &KDRFKDQFKDLNXO .  (IIHFW RI PRLVWXUH FRQWHQW RQ PHFKDQLFDO SURSHUWLHV WKHUPDO DQG VWUXFWXUDO VWDELOLW\ DQG
H[WUXGDWHWH[WXUHRISRO\YLQ\OFKORULGHZRRGVDZGXVWFRPSRVLWHV 3RO\PHU,QWHUQDWLRQDO  
6UHHNDOD06.XPDUDQ0*7KRPDV6:DWHUVRUSWLRQLQRLOSDOPILEHUUHLQIRUFHGSKHQROIRUPDOGHK\GHFRPSRVLWHV&RPSRVLWH
3DUW$
:DOOHQEHUJHU)7:HVWRQ11DWXUDOILEHUV3ODVWLFVDQG&RPSRVLWHV.OXZHU$FDGHPLF3XEOLVKHUV
:DQJ:6DLQ0&RRSHU3$6WXG\RIPRLVWXUHDEVRUSWLRQLQQDWXUDOILEHUSODVWLFFRPSRVLWHV&RPSRVLWH6FLHQFH DQG7HFKQRORJ\

